Background and Purpose-Warfarin reduces stroke risk in studies of predominantly white patients with atrial fibrillation (AF). Whether nonwhites also have lower rates of stroke while treated with warfarin is unclear. Methods-A multiethnic stroke-free cohort hospitalized with nonrheumatic AF was identified in a large health maintenance organization. Stroke risk factors (advanced age, diabetes, hypertension, and heart failure), warfarin use, and anticoagulation intensity were assessed. Crude ischemic stroke rates were calculated by Poisson regression for each group while using and not using warfarin. Cox proportional hazard models were constructed to assess the independent effect of race/ethnicity on ischemic stroke. Results-Between 1995 and 2000, we identified 18 867 AF hospitalizations (78.5% white, 8% black, 9.5% Hispanic, and 3.9% Asian). Over the course of 63 204 person-years follow-up (median, 3.3 years), 1226 ischemic strokes were identified. The percent-time on warfarin did not differ by race/ethnicity. The median percent-time on warfarin that international normalized ratio was 2 to 3 was 54.5% overall, but it was lower in blacks at 47.8%, whereas the other groups had a rate of Ϸ54%. The rate ratios (95% CI) of ischemic stroke with warfarin compared to without warfarin for whites, blacks, Hispanics, and Asians were 0. 
W ith a prevalence of Ϸ1% among the adult population, 1 atrial fibrillation (AF) is the most common arrhythmia that requires treatment. Extrapolations from population studies have estimated that 2.3 million Americans have AF. 1, 2 Outcome studies have shown that AF is a potent risk factor for stroke, increasing its risk by nearly 5-fold. 3 In a pooled analysis of 5 randomized trials, adjusted dose warfarin reduced the annual rate of any stroke by 68%. 4 However, 90% of patients in the pooled analysis were white, whereas stroke risk differs by race/ethnicity. There are sparse data on the benefits of anticoagulation among nonwhite patients. In population-based studies, the prevalence and incidence of all stroke types in blacks and Hispanics are higher than in whites. [5] [6] [7] Whereas stroke is more prevalent among Asians predominantly because of greater rates of hemorrhagic stroke, ischemic stroke risk may be lower among Asians than whites. 8, 9 Stroke attributable to AF is more likely in whites than in nonwhites. 5, 10, 11 In the Northern Manhattan Stroke Study of incident stroke in a multiethnic community, AF was prevalent in 29% of whites but in only 14% of Hispanics and in 18% of blacks. 12 In a case control substudy, the population-attributable risk for AF, which estimates the proportion of strokes attributable to AF, was 0.20 in whites but only 0.02 in Hispanics and 0.03 in blacks. 13 Another study reported that the rates of cardioembolic strokes among blacks and Hispanics were lower than the rates of nonembolic strokes when compared to whites. 14 These data raise the possibility that the mechanism of stroke in nonwhite patients with AF may differ from that in whites. Nonwhites with AF may be more prone to nonembolic stroke, for which warfarin may not protect against. 15 We recently reported on racial/ethnic differences in the risk of intracranial hemorrhage among patients with AF. 16 The aim of the present study was to assess the magnitude of stroke risk reduction while using or not using warfarin in whites and nonwhites, and to assess whether ischemic stroke risk in a multiethnic cohort of hospitalized AF patients differs by race/ethnicity.
Subjects and Methods
Kaiser Permanente Southern California (KPSC) is a health maintenance organization that currently serves 3.1 million members, Ϸ14% of the region's population. Membership demographics, socioeconomic, and racial/ethnic composition are representative of California. All hospitalized patients are administratively assigned to 1 of the following racial/ethnic categories: white, black, Hispanic, Asian, or other. The study protocol was approved by our institutional review board.
Cohort Identification
Details of the study methods have been reported. 16 By searching the first 3 discharge diagnosis codes, all hospitalizations for AF or atrial flutter between January 1, 1995 and December 31, 2000 were identified from among Ϸ2.2 million adult members. Patients with AF and atrial flutter were identified by International Classification of Disease, 9th Revision, Clinical Modification (ICD-9) codes 427.31 and 427.32, respectively. Review of the medical records including electrocardiograms of 100 randomly sampled patients showed a 96% positive predictive value of ICD-9 codes in diagnosing AF in this cohort. Both permanent and intermittent AF were included, because the risk of stroke does not differ. 17 Atrial flutter was included because the risk for stroke even among "lone atrial flutter" parallels that of AF. 18 The qualifying event was AF or atrial flutter in 6% of the cohort and AF only in the remainder. For this study, only whites, blacks, Hispanics, and Asians were included. The 2.8% of patients identified as belonging to the "other" group were excluded.
By referencing ICD-9 and Current Procedural Terminology codes, patients with a history of stroke or TIA, rheumatic heart disease, mitral balloon valvuloplasty, mitral valve replacement predating stroke/TIA, brain tumor, heart transplantation, and congenital heart disease were excluded. Because previous stroke is a potent predictor of recurrent stroke, for this study we searched only for patients without a history of stroke/TIA based on the admission and discharge diagnoses at the time of AF hospitalization. Patients with prosthetic mitral valves were excluded because of their particularly high risk of thromboembolic events and higher target international normalized ratio (INR) levels. 19 
Primary Outcome Measures
Follow-up of each patient began on the date of AF diagnosis and ended with an outcome event (fatal or nonfatal ischemic stroke) or a censoring event (intracranial hemorrhage, nonstroke death, mitral valve replacement, disenrollment from health plan, and the end of study on December 31, 2003) . Patients who underwent mitral valve replacement were censored because they have a different stroke risk profile. 20 Patients who underwent carotid endarterectomy within the 2 weeks before or after stroke were also censored to exclude patients who likely had carotid disease-related stroke.
Ischemic and hemorrhagic strokes were identified by ICD-9 codes 433 to 436 and 430 to 432, respectively. Data sources included KPSC hospital records, non-KPSC claims, and a computerized matching of Kaiser Membership data with California vital statistics death tapes. Only the primary diagnosis from hospital files and the underlying cause of death from mortality files were used. The medical records, including all neuroimaging reports and neurology consultation reports, of all stroke event hospitalizations were manually reviewed and qualifying events were adjudicated.
Covariate Assessment
Stroke risk factors were identified using ICD-9 codes, including heart failure, hypertension, and diabetes mellitus, 21 in addition to age 75 years or older. Household income, Յ12 years education, 22 and statin use also affect stroke risk and were entered into the models. 23 Patients who filled Ն2 statin prescriptions in each of the follow-up years were considered statin users. Census block group level household income and education attainment were obtained through geocoding, a technique that links members' address data to census geographic areas (block, block group, and tract). More than 95% of our members were mapped to census blocks, the smallest census geographic unit.
Assessment of Warfarin Use During Follow-Up
Approximately 92% of KPSC members obtain their drugs through a KPSC-owned pharmacy. Patients are typically dispensed a 100-day supply of medication, which may last longer by pill splitting. All members have laboratory benefits and typically have their prothrombin time (reported as INR) tested at a KPSC-owned laboratory with a target range of 2 to 3 for uncomplicated AF.
We searched our pharmacy and laboratory databases to identify patients' warfarin prescriptions. Patients with a filled warfarin prescription were considered to be continuously using warfarin for the 100-day period thereafter. For between-prescription gaps of Ն100 days, patients were considered to be continuously using warfarin if they had an INR of Ն2 in the intervening days. This was to account for pill splitting and prescriptions filled at non-KPSC pharmacies for which we have no record of warfarin dispensation. A therapeutic INR value was considered to be valid for 60 days or until the warfarin supply was expected to have exhausted, whichever occurred first. Using this method, which was modified from the method of Go et al, 24 an individual patient may contribute to the follow-up times of both warfarin-treated and nonwarfarin-treated groups. These results were used to calculate each patient's percenttime on warfarin during follow-up. We validated this approach by manual review of the hospital admission records of the qualifying event of all patients (1400 records) who experienced stroke. Comparison of patients' warfarin use status at the time of stroke defined by our computerized algorithm and that of our chart review showed a 91% consistency rate (ϭ0.79).
Assessment of Achieved Anticoagulation Intensity
Warfarin efficacy is highly dependent on achieved anticoagulation intensity. For all patients given at least 1 warfarin prescription, we recorded all INR values that were performed. To exclude patients who were prescribed but may not have used warfarin, we included for analysis only patients who had Ն3 INR values within the 100 days after a warfarin prescription. Because INR tests are frequently ordered irrespective of whether patients with a history of warfarin use was in fact using warfarin at the time the INR was performed, we limited our anticoagulation intensity analysis to INR tests that were performed when our pharmacy records indicate that the patients was using warfarin.
Statistical Analysis
Continuous variables are reported as meanϮSD or median and interquartile range as appropriate. Continuous and categorical variables were compared among racial/ethnic groups with the KruskalWallis or 2 tests. Overall and risk factor-stratified crude event rates were calculated using Poisson log-linear regression with a generalized estimating equations approach and are reported as per 100 person-years of follow-up. Cox proportional hazard models were used to calculate the effect of race/ethnicity on the risk of stroke after adjusting for age, gender, hypertension, diabetes, heart failure, statin use, and percent-time on warfarin. The proportional hazards assumption was validated by fitting a smoothed line in a plot of the Schoenfeld residuals. Rate ratios and hazard ratios are reported with 95% CI. Adjusted survival curves were constructed from the Cox model by setting the covariates at their means. All analyses were conducted using SAS software (version 9.1 for Windows; SAS Institute).
Results

Cohort Characteristics
We identified 22 196 subjects with first-time AF hospitalizations, of which 18 867 qualified for analysis (21.5% nonwhite) ( Table 1 ). The median age was 74 years, but each of the nonwhite groups was 5 to 6 years younger than whites.
Half of the white patients were older than 75 years, whereas only approximately one-third of nonwhites were older than 75 years. Hypertension and heart failure were more prevalent among blacks. Whites were least likely to have diabetes. Blacks were most likely and Asians were least likely to have Ն3 stroke risk factors.
Percent-Time Using Warfarin and Anticoagulation Intensity
Median follow-up was 3.3 years. As shown in Table 2 , 40% to 45% of all patients were not prescribed warfarin at any time, whereas Ϸ25% of patients used warfarin Ͼ80% of follow-up. There were no significant between-group differences in the percent-time on warfarin. Of the total cohort, 8992 patients were included in the anticoagulation intensity analysis. The racial/ethic distributions were not different between those included and not included in the anticoagulation intensity analysis. The median monthly number of INR values for whites, blacks, Hispanics, and Asians were 2.57, 2.52, 2.67, and 2.51, respectively (Pϭ0.05). The median proportion of follow-up time that INR was Ն2 for the full cohort was Ϸ70%. However, blacks spent more time (36.8%) in the subtherapeutic range (INR Ͻ2) than the other groups (range, 30.3% to 31.8%). Additionally, when considering percent-time spent in the therapeutic range (INR 2 to 3), blacks were in the therapeutic range slightly less than half the time, whereas the other races were in the therapeutic range more than half the time. Hispanics and Asians were in the therapeutic range for a similar percentage of follow-up time as whites.
Person-Years Follow-Up and Stroke Events
As shown in Table 3 , there were 1226 qualifying ischemic strokes over a total of 63 204 person-years of follow-up. The follow-up times for each group are as follows: white, 49 324; black, 5004; Hispanics, 6206; and Asians, 2669 person-years. There were 1.66 and 2.11 strokes per 100 person-years using warfarin and not using warfarin, respectively. Blacks experienced higher rates of stroke than the other groups, whether or not they were using warfarin.
Stroke Reduction With Warfarin
Overall, the crude ischemic stroke rate ratio was reduced by 22% with warfarin treatment (Table 3) . White patients had a 21% lower stroke rate with warfarin, but none of the nonwhite groups experienced a statistically significant reduction in stroke. There was no evidence of benefit among blacks (Pϭ0.60); there was a trend toward benefit among Hispanics (Pϭ0.089); there was a nonsignificant reduction among Asians (Pϭ0.18). Patients younger than 75 years had less than half the stroke rate of patients 75 years or older. Analysis of patients' stroke risk factors showed that the number of comorbidities correlated with stroke risk. Only patients with Ն2 risk factors benefited from warfarin. Patients without hypertension or heart failure did not benefit from warfarin. Warfarin reduced 
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the risk of stroke whether patients were using statins or had diabetes.
Adjusted Hazard Ratio for Ischemic Stroke
Cox proportional hazard models adjusting for age, gender, stroke risk factors, socioeconomic status, statin, and percent-time using warfarin showed that blacks and Hispanics had a 59% and 24% higher risk of stroke, respectively, compared to whites ( Table 4 ). The risk of stroke for Asians was 23% higher but did not reach statistical significance. Women had a significant 33% higher risk of stroke than men. Patients with hypertension, heart failure, and diabetes had 93%, 31%, and 33%, greater risks of stroke respectively, compared to those without those comorbidities (PϽ0.001 for all). Statin use conferred a 32% lower risk of stroke. Household income and educational level did not influence stroke risk. The Figure shows the adjusted ischemic stroke event-free curves based on Cox models for the 4 groups.
Discussion
Racial Differences in Ischemic Stroke
The major adverse consequence of AF is stroke. Anticoagulation prevents Ϸ26 strokes per 1000 patients treated over the course of 1 year. 4 However, not all strokes in a patient with AF are cardioembolic. In an analysis of ischemic stroke events in the Stroke Prevention in AF I, II, and III studies, 32% of classifiable strokes (24% of all strokes) were deemed to be noncardioembolic in nature. 15 AF patients at high risk for embolic stroke have comorbidities that also predispose them to nonembolic strokes, including lacunar strokes, small vessel occlusion, and large-artery atherosclerosis. Whereas nonwhites are at greater risk for several subtypes of ischemic stroke, cardioembolic stroke attributable to AF is more frequently implicated in whites. 5, 10, 25 Warfarin is ineffective and may be harmful for the prevention of nonembolic stroke. 26 Because stroke in nonwhites are generally less likely to be embolic in whites, it is reasonable to ask, to what extent do nonwhites with AF benefit from warfarin? In a study of 16 000 Medicare beneficiaries, Birman-Deych et al 27 reported that blacks and Hispanics did not benefit from warfarin anticoagulationin, partly because of less adequate warfarin treatment and anticoagulation monitoring. However, the poorer efficacy of warfarin in nonwhites remained after matching blacks and whites on stroke risk factors and monitoring frequency.
Comparison of Stroke Risk Profiles
Stroke incidence increases with age. In our cohort, whites were 6 to 7 years older than nonwhites. Similar to other studies, hypertension and diabetes were more prevalent Figure. Adjusted ischemic stroke event-free curves. *Survival curves were based on Cox proportional hazards models and adjusted for age, gender, hypertension, diabetes, heart failure, income, education, statin use, and percent-time on warfarin.
among nonwhites. 5, 28 Although younger, the greater prevalence of comorbidities among nonwhites partially explains the increased stroke rates. Because diabetes and hypertension is associated with lacunar and atherosclerotic arterial stroke, the apparent lesser efficacy of stroke reduction with warfarin in nonwhites is consistent with the hypothesis that this group may have had more nonembolic strokes even in the setting of AF. Socioeconomic status, as measured by educational attainment and income, was generally higher among whites and Asians than among blacks and Hispanics. Statin use was most prevalent among Asians. These factors likely contributed to the observed difference in stroke rate.
Factors Affecting Stroke Risk
After multivariate adjustment, the stroke risk of blacks remained 59% higher than that for whites. The reason for this is unclear, but there may be other factors that lead to greater stroke risk that were not adjusted for in our models, such as poorer control of hypertension. In this cohort, women had a 33% higher risk of stroke than men, which is consistent with previous studies. 29 Education and income were estimated using geocoding and were not found to be associated with stroke risk in this cohort. However, as members of a prepaid health plan, 92% of patients had medication coverage and all had access to laboratory and other healthcare resources (eg, anticoagulation, primary and specialist clinics). This may have partially negated the impact of any existing socioeconomic inequality on stroke incidence.
Efficacy of Warfarin and Anticoagulation Intensity
The efficacy of warfarin in preventing stroke is dependent on the adequacy of anticoagulation achieved. In a recent systematic review of 67 anticoagulation studies (69% of which were for AF) by van Walraven et al, 30 patients were in the therapeutic range 63.6% of time overall. Among the 30 studies in a community setting, the percent time in range was 56.7%, similar to the present study (54.5%). All patients in our cohort have access to INR monitoring. In fact, the percent-time follow-up using warfarin and the number of INR tests per month were similar between groups. Whites, Hispanic, and Asians had similar achieved anticoagulation intensity (Table 2) . Blacks spent more time in the subtherapeutic range (INR Ͻ2), which likely contributed to the observed absence of stroke reduction. It appears unlikely, however, that this relatively small difference (INR Ͻ2 was 36.8% in blacks compared to Ϸ31% in the other groups) in warfarin treatment adequacy fully explains the absence of stroke reduction with warfarin. In our cohort, the incidence of stroke among nonblacks was Ϸ1.5 per 100 person-years using warfarin and 2.1 per 100 person-years while not using warfarin, which is slightly higher than that reported by Go et al. 24 In that study, the percent-time on warfarin that INR was 2 to 3 was 62.5%, somewhat higher than the 54.5% found in our cohort. Furthermore, our cohort consisted of patients with a history of AF-related hospitalization and had higher prevalences of heart failure, hypertension, and diabetes. These differences likely contributed to the lower stroke reduction seen in our study (21%) compared to that of Go et al 24 (50%). BirmanDeych et al 27 reported a 39% reduction in stroke risk with warfarin that was limited to the white patients in their cohort. Blacks and Hispanics did not derive any benefit from warfarin. Both these studies included patients with previous stroke or TIA who are at high risk for recurrent events, however, whereas the present study excluded the majority of such patients.
Recent studies have shown that there are racial differences in the prevalence of certain CYP2C9 and VKORC1 polymorphisms that affect warfarin dose requirement. [31] [32] [33] [34] Such polymorphisms have not been shown to affect warfarin efficacy. However, whether the differences in warfarin pharmacokinetics and pharmacodynamics that results from these polymorphisms affect the stability of INR levels and, hence, the risk of stroke is unknown.
Clinical Implications
For AF patients with risk factors for stroke, anticoagulation with dose-adjusted warfarin is the standard of care. Nonwhites constituted Յ10% of those in the clinical trials on which such decisions are made, 1 and may have a different predisposition to stroke as compared to whites. Anticoagulation is very effective for the prevention of cardioembolic stroke, but much less so for nonembolic stroke. Nonwhites in our cohort, particularly Hispanics and blacks, have more comorbidity and may have been at greater risk for nonembolic stroke. This may partially explain the lack of observed benefit in nonwhites. One must be cautious when interpreting our results, however. Blacks experienced the least reduction in crude stroke rate, but they also had the least adequate anticoagulation. Among Hispanics and Asians, the rate ratios were 0.71 and 0.65, respectively. Statistical significance was not achieved in either case, but the relatively small numbers of events inevitably lead to imprecise estimates. A benefit of warfarin in these groups has not been ruled out.
Limitations
This study has several limitations, including the inherent shortcomings attributable to the retrospective nature of our study. We do not have sufficient data to ascertain whether there are between-group differences in ischemic stroke subtype (embolic vs nonembolic). Because aspirin is over-thecounter, we do not have reliable records on its use. However, it is standard practice to avoid aspirin in all anticoagulated patients, except in those with a mechanical prosthetic valve. Similarly, we do not have reliable and accessible data on other risk factors such as smoking, adequacy of blood pressure control, alcohol use, left atrial size, and other echocardiographic measurements that may affect stroke risk.
When assembling the cohort, we excluded patients who had ICD-9 codes of previous stroke during the qualifying AF hospitalization. Review of 200 random records showed that 10% of patients did in fact have documentation of previous ischemic stroke. Because warfarin is effective in secondary stroke prevention as well, we do not believe this materially affects the interpretation of our findings. ICD-9 codes were used to identify AF and comorbidities in this study. Chart review showed that ICD-9 codes had a 96% positive predictive value for AF in our cohort, but its sensitivity is unknown. A recent study 35 found ICD-9 coding for AF and other stroke risk factors to be Ͼ80% sensitive and specific. Our cohort consists of patients with previous AF hospitalization and may not be representative of all AF patients.
Warfarin prescription information may be incomplete for the 8% of KPSC members who did not have drug benefits. Importantly, despite analyzing all pertinent INRs, we cannot rule out the possibility that INR stability (day-to-day variation) differed between groups, which may in turn influence stroke risk.
Finally, racial/ethnic classification in our system is administratively assigned rather than self-reported. Our administrative database did not differentiate between East and South Asians, but regional demographics indicate that East Asians predominate.
Conclusion
In this retrospective study of patients hospitalized with AF, only whites were observed to have a statistically significant lower rate of stroke while using warfarin. There were lower rates of stroke in Hispanics and Asians that did not reach statistical significance. Because of the relatively small numbers of events among nonwhites, a protective benefit of warfarin in nonwhites, although not confirmed, cannot be ruled out by available data. Further studies are needed to explore this important question.
